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DEVICE FOR THE DETECTION OF 
BACK-SCATTERED ELECTRONS FROM A 
SAMPLE IN AN ELECTRON MICROSCOPE 

BACKGROUND OF THE INVENTION 

The present invention relates to a device for the de 
tection of back-scattered electrons emitted by a speci 
men in an electron microscope, and more particularly to 
such a device having a converter to convert the back 
scattered electrons into secondary electrons and a de 
tector for the secondary electrons. 

In an electron microscope, the specimen to be exam 
ined is exposed to the impact of an electron beam. In the 
process, low energy secondary electrons are released by 
the specimen. Furthermore, a greater fraction of the 
incident electrons are scattered on the specimen with a 
slight loss of energy. These back~scattered electrons in 
turn produce secondary electrons upon their impact on 
the walls or other parts of the object chamber or during 
their repeated collision with the specimen, which are 
detected by a secondary electron detector together 
with the secondary electrons originally released by the 
specimen. Of the back-scattered electrons themselves, 
only those that are scattered in the direction of the 
detector are detected. 

Since the secondary electrons released from the spec 
imen and the back-scattered electrons scattered on the 
specimen contain different information concerning the 
specimen, attempts have therefore been made to detect 
them independently from one another and as com 
pletely as possible. An apparatus partially suitable for 
the purpose has been described in Scanning Electron 
Microscopy (1978), Volume 1, pages 303 to 310. 

In order to separate the secondary electrons from the 
specimen from the back-scattered electrons, the speci 
men is provided with a shielding grid. A negative po 
tential applied to the shielding grid retains the low en' 
ergy secondary electrons. The higher-energy back-scat~ 
tered electrons pass through the shielding grid and, 
upon their impact on the walls of the chamber and in 
particular on the pole piece of the electron optical de 
vice adjacent to the specimen, they release secondary 
electrons. A ?eld of positive potential in front of the 
secondary electron detector draws these secondary 
electrons into the detector. It has been proposed in this 
connection to increase the number of secondary elec 
trons produced by the back-scattered electrons by ar 
ranging a plate with a high secondary electron emission 
coefficient in front of the pole pieces of the electron 
optical device. Furthermore, a special con?guration of 
this electron conversion plate is intended to insure the 
detection of as many as possible of the secondary elec 
trons by the detector. Even though this known appara 
tus makes it possible to separately detect the back-scat 
tered electrons by means of their increased conversion 
into secondary electrons, it is not feasible to measure the 
secondary electrons produced on the specimen sepa 
rately from the back-scattered electrons. 
The secondary electrons produced at the specimen 

may be detected together with the back-scattered elec 
trons, when the shielding grid over the specimen is 
grounded or has a weak positive potential applied to it. 
It is found, however, that the information contained in 
the primary flow of secondary electrons is masked in 
creasingly by the flow of secondary electrons produced 
by the conversion. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an improved device for the detection of back 
scattered electrons in an electron microscope. 
Another object of the invention is to improve the 

advantages obtained in the detection of back-scattered 
electrons. 

It is also an object of the invention to provide a par 
ticular suitable converter and simultaneously to render 
it possible to detect the secondary electrons released 
from the specimen separately from the secondary elec 
trons produced by the conversion of the back-scattered 
electrons. 

Still another object of the invention resides in the 
provision of an improved electron microscope includ 
ing the improved back-scatter device of the invention. 

In accomplishing the foregoing objects, there has 
been provided according to the present invention a 
device for the detection of backecattered electrons 
emitted by a specimen in an electron microscope, com 
prising a converter for converting back-scattered elec 
trons emitted by the specimen into secondary electrons, 
this converter including a surface layer of a crystalline 
material having a low atomic number and a low electri 
cal conductivity, preferably, magnesium oxide; and a 
detector for detecting secondary electrons emitted by 
the converter. Preferably, the device further comprises 
means for producing an electric field overlying the 
converter, wherein this means preferably comprises a 
conductive grid overlapping the coated surface of the 
converter and an insulating connector for connecting 
the grid to the edge of the converter. 
The invention also provides an improved electron 

microscope embodying the foregoing detection device. 
Further objects, features and advantages of the inven 

tion will become apparent from the detailed description 
of preferred embodiments which follows, when consid 
ered together with the attached ?gures of drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, an exemplary embodiment of the 
device according to the invention is represented sche 
matically. It shall be described in more detail with the 
aid of the ?gures. 

In the drawing: 
FIG. 1 is a schematic partial plan view illustrating the 

layout and arrangement of the converter in an electron 
microscope; and 
FIG. 2 is a top view of the converter. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention provides a device of the above 
mentioned type which includes a converter coated with 
a crystalline material having a low atomic number and 
a slight electrical conductivity. Magnesium oxide has 
been found to be particularly advantageous. A con 
verter comprising a metallic carrier plate with a vapor 
deposited layer of magnesium oxide is especially suit 
able. The converter may be equipped on the metallic 
carrier plate with a connecting device for the applica 
tion of an electrical potential. An electrical conductor 
may further be associated with the converter, in order 
to produce an overlying potential ?eld. It is advanta 
geous to provide the electric conductor in the form of a 
grid overlapping the surface of the converter and se 
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cured by means of an electric insulator to the edge of 
the converter. 
The converter may also consist ofa plurality of parts, 

wherein the individual parts are associated with differ 
ent back-scattering spatial angle ranges, 

It is known from the technology of electron micro 
scope specimen preparation to coat the specimen with 
gold by means of vapor-deposition, because as a good 
electric conductor, gold prevents the buildup of elec 
trostatic charges and additionally provides a good yield 
of secondary electrons. Experiments to develop a back 
scattered electron converter having an increased con 
version rate have shown, however, that a coating of 
vapor-deposited gold is entirely useless and that an 
element or a compound with a low atomic number must 
be selected. In the process, it was found surprisingly 
that possible buildups of electrostatic charges do not 
affect the sensitivity of detection ofthe arrangement. As 
an additional, unforeseeable advantageous effect, it has 
also been observed that the coating according to the 
invention provides a constant rate of conversion over 
broad energy ranges of back-scattered electrons. Fur 
thermore, the crystalline structure of the magnesium 
oxide layer reduces the back-scattering behavior of the 
converter plate, so that fewer doubly scattered elec 
trons are produced. As a result of arranging a shielding 
grid having a suitable potential in front of the converter 
prepared according to the invention, the contribution of 
back-scattered electrons to the signal of the detector 
can be~selectively suppressed, so that a signi?cantly 
improved detection of secondary electrons released 
from the specimen may be obtained. 
The division of the converter into a plurality of parts 

acting independently of each other makes possible di 
rectional discrimination of the back-scattered electrons. 

Referring now to the drawings, in FIG. 1 a specimen 
10 to be examined by electron optical means rests on a 
specimen holder 12 tiltable with respect to the optical 
axis 11 of the electron microscope. A shielding grid 13 
is placed over the specimen 10. The shielding grid is 
connected byway of an insulator 14 with the specimen 
holder 12. By means of connector 15, the shielding grid 
13 may be connected with a source of electric potential. 
A pole piece 16 of an electron lens (not shown in 

further detail) is located opposite the speciment 10. The 
electron beam passes through a bore hole 17. A holding 
ring 18 made of an insulating material, for example 
Te?on, is slid onto the pole piece 16 and a converter 
plate 19 is placed into this holding ring. 
The holding ring 18 is shown in a top view in FIG. 2. 

It has an ori?ce 17' in its center for the passage of the 
electron beam. The center ring 20 around this ori?ce is 
supported, for example, by means of radial supports 21 
in the holder ring 18. 
The converter plate 19 is insulated by means of a 

Te?on disk 22 with respect to the pole piece 16. On its 
side facing the specimen 10, the converter plate 19 is 
coated‘with a layer of vapor-deposited magnesium ox 
ide; it appears as a thin, crystalline layer on the carrier 
plate, which, for example, may be made of brass. The 
converter plate is equipped with a connector 23 for the 
application of an electric potential. 
Over the holding ring 18/20, as another measure 

according to the invention, a shielding grid 24 is 
mounted, which again is equipped with a connector 25 
for the application of an electric potential. The shield 
ing grid 24 consists, for example, of a ?ne wire mesh 
which, however, as a function of the potential of the 
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4 
converter plate, may also be of a coarse mesh or may 
consist of a simple ring. 
A further converter is arranged beneath the specimen 

10; it is similar to the converter arranged beneath the 
pole piece 16, and similar parts therein carry identical 
designations. The secondary electron detector 26 is ofa 
known design and is shown only with its electron recep 
tor part. A grid 27, connected by way of a connector 28 
with a source of electrical potential, produces a poten 
tial ?eld which conducts the electrons released from the 
specimen and the converter plate onto a scintillator 29. 

In order to measure the electrons back-scattered from 
the specimen 10 independently of the secondary elec 
trons released directly, the shielding grid 13 is ‘charged 
with a negative potential with respect to the specimen 
10. The con-verter plate 19 receives a negative potential 
with respect to the shielding grid 24, which advanta 
geously is grounded, together with the specimen 10. If 
the shielding grid 24 is grounded, it has the same poten 
tial as the central passage 17 in the pole piece 16. Be 
cause the shielding grid 24 also overlaps the peripheral 
areas of the converter plate 19, their potential ?eld does 
not affect the beam range of the primary electron beam, 
so that there is no interference with the focusing of the 
primary electron beam by this arrangement. 
The converter plate located beneath the pole piece 16 

covers a large spatial angle of the back-scattered elec 
trons in the reverse direction and is therefore particu 
larly suitable for the imaging of material contrasts. 
By virtue of the arrangement of the shielding grid 24 

over the converter plate 19, it is now also possible to 
detect the secondary electrons released from the speci 
men 10 independently of the back-scattered electrons. 
For this purpose, the grid 13 above the specimen 10 is 
charged with a positive potential and the converter 
plate 19 is also charged positively with respect to the 
shielding grid 24, which remains grounded. In this man 
ner, the secondary electrons produced by the back-scat 
tered electrons on the converter plate 19 are retained. 
Because of the low back-scattering coefficient of the 
magnesium oxide layer, fewer back-scattered electrons 
capable of passing through the shielding grid 24 and 
releasing secondary electrons on the walls of the cham 
ber are scattered on the converter plate for the second ' 
time. 

In a third mode of operation, both the secondary 
electrons produced on the converter plate 19 beneath 
the pole shoe 16 and the secondary electrons produced 
on the specimen may be suppressed in the manner de 
scribed hereinabove, and only the secondary electrons 
produced at the converter plate arranged laterally 
under the specimen detected. In the case of an inclined 
specimen, this converter plate detects the forward-scat 
tered electrons and is thus particularly suitable for the 
measurement of topographical contrasts. 
With respect to the directional selection of the back 

scattered electrons, it is particularly advantageous to 
divide the converter plate 19 arranged beneath the pole 
shoe 16 into a plurality of segments, which may be 
independently actuated with regard to permeability by 
the secondary electrons, by the application of different 
potentials. For this purpose, individual converter plates 
may be inserted into the ?elds of the holding ring 18 
illustrated in FIG. 2. These converter plates are each 
equipped with connectors 23 for the separate applica 
tion of potentials. These ?elds can obviously also con 
sist of concentric rings or represent a combination of 
segments and rings. 
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In order to design a converter plate which is easy to 
manufacture, the use of plates intended for printed cir 
cuits has been found to be highly advantageous. These 
plates consist of a solid, electrically insulating carrier 
with a coating of copper. The copper layer may be 
divided with the aid of photographic etching techniques 
into individual ?elds of any desired con?guration, each 
of them having its own power connection. The conver~ 
sion-enhancing coating is applied to the converter plate 
prepared in this manner. After removal of the layers of 
copper adjacent the edges, the shielding grid can be 
attached there to the insulating carrier plate. 
While not preferred, it is also possible according to 

the invention to employ as the surface layer of the con 
verter other crystalline material having a low atomic 
number and a low electrical conductivity. For example, 
other alkali metal and alkaline earth metal oxides and 
halides of low atomic number may be used. Potassium 
chloride, for example, provides results similar to magne 
sium oxide, but the conversion rate is substantially 
lower. Those surface coating materials are preferred 
which provide a relatively porous layer of crystals hav 
ing crystal sizes on the order of one or a few microns, 
rather than a compact layer. 
What is claimed is: 
1. A device for the detection of back-scattered elec 

trons emitted by a specimen in an electron microscope, 
comprising: 

a converter for converting back-scattered electrons 
emitted by the specimen into secondary electrons, 
said converter including a surface layer of a crys 
talline material having a low atomic number and a 
low electrical conductivity; and 

a detector for detecting secondary electrons emitted 
by said converter. 

2. A device as claimed in claim 1, wherein said crys 
talline material comprises magnesium oxide. 
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3. A device as claimed in claim 1, wherein said con 

verter comprises a metallic carrier plate having a vapor 
deposited layer of said crystalline material. 

4. A device as claimed in claim 3, wherein said con 
verter further comprises an electrical connector at 
tached to said metallic carrier plate for applying an 
electrical potential thereto. 

5. A device as claimed in claim 1, further comprising 
means for producing an electrical ?eld overlying said 
converter. 

6. A device as claimed in claim 5, wherein said elec 
tric ?eld producing means comprises a conductive grid 
overlapping the coated surface of said converter and an 
insulating connector for connecting said grid to the 
edge of said converter. 

7. A device as claimed in claim 5, further comprising 
means for producing an electric ?eld overlying the 
specimen. 

8. A device as claimed in claim 1, comprising a ?rst 
converter arranged between the specimen and the 
source of the electron beam in the electron microscope, 
and a second converter located on the side of the speci 
men opposite to the source of the electron beam in the 
electron microscope. 

9. A device as claimed in claim 1, wherein said con 
verter comprises a plurality of converter sections, each 
of said sections being arranged to receive back-scat 
tered electrons emitted within different spatial angular 
ranges. 

10. A device as claimed in claim 9, wherein each of 
said converter sections is electrically insulated from the 
others and includes separate means for independently 
applying a selected electrical potential thereto. 

11. An electron microscope, comprising a source of 
an electron beam, means for holding a specimen and a 
device for detecting back-scattered electrons emitted by 
the specimen, said device comprising a device as de 
?ned by claim 1. 
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